INTRODUCTION
Vitamin E, the fat soluble antioxidant was first discovered in 1922 (1) .Vitamin E actions are mainly antioxidant and effects of its deficiency in humans are still controversial (2) . It is present in human tissues and widely distributed in foods, so primary deficiency of the vitamin is unlikely. In paediatrics, it is accepted that deficiency in premature and small for date (age) infants results in haemolytic anaemia. Prophylactic vitamin E to prevent or treat deficiency is given routinely in some neonatal units. Its value as a counter to free radical excess situations is under investigation. Deficiencies of vitamin E and other antioxidants have also been shown to protect against malaria infection (3, 4) . The explanation most frequently given is that the absence of antioxidants makes the parasite more vulnerable to damage by oxygen radicals produced by the immune system. Severe protein energy malnutrition (PEM) describes a spectrum of clinical syndromes ranging from kwashiorkor to severe marasmus (5) . Kwashiorkor is characterised by the presence of bipedal oedema and has a particularly high mortality rate. The pathogenesis of oedema in kwashiorkor is currently unresolved and most likely multi-factorial.
One theory (6) postulates that the imbalance between the production of free radicals and their neutralisation by scavengers plays an important role in the development of the kwashiorkor syndrome. These radicals which are end products of the inflammatory pathway generate peroxides particularly in cell membranes. Unscavenged radicals damage tissues and induce leakage. The concentrations of a number of molecules that protect radicals in PEM particularly in kwashiorkor include vitamin E (α -tocopherol) (2,3,7) amongst others. The explanation for this reduced concentrations may be due to overconsumption or reduced synthesis. The objective of this study was to determine the serum concentrations of vitamin E ( α -Tocopherol) in children < 5 years suffering from kwashiorkor or marasmus alone or in combination with malaria and to determine its possible protective effect in children suffering from both PEM and malaria under hospital conditions (8) .
MATERIALS AND METHODS
Study area: Webuye sub-District Hospital is situated in Bungoma District Western Kenya. This is located about 70 Kilometres from Eldoret town. The region is situated at an elevation of about 2,100 metres above sea level quite proximal to Mt. Elgon District. The District also borders Uganda on its western side. It experiences two rainy seasons: March/ July for long rains and August/October for the short rains. Malnutrition and Malaria are endemic in the region probably due to over dependence on sugar cane as a cash crop in the region (9) .
Study population: Children aged five years or less admitted to Webuye sub-District Hospital. Those diagnosed to have complications from other infections apart from malaria were excluded.
Consent: This was received from the parents or guardians of the children prior to the study. Official consent was also received from the relevant government ministries and departments to carry out the research in the study area.
Design: This was a passive Hospital based study conducted on inpatients and outpatients (MCH clinic) at the hospital. No randomisation was carried out. Three groups of children were sampled. Those with severe Kwashiorkor or marasmus, those with both kwashiorkor and malaria and control children free from the two disease conditions. A total of about 60 children were sampled.
Blood: Five to eight millilitres of blood samples were taken in sterile vaccutainer tubes from each subject. The blood was centrifuged and serum separated and stored at -20°C (Webuye sub-District Hospital) and later transported in a cool box with ice cubes to Moi teaching and referral hospital for storage at -70°C until required for assay of the vitamin E status in the three groups of children Extraction of α Tocopherol from serum: One hundred µ1 of internal standard, tocopherol acetate stock solution was added to 100 µl of serum sample and the resulting mixture vortexed. One thousand µl of hexane was then added and vortexed for 10s. This was followed by centrifugation at 2000 rpm for 10 min. Eight hundred µl of supernatant (hexaan phase) was transferred to a clear tube and dried at 40°C under a stream of nitrogen gas. One hundred µl methanol was added to dried sample and 20 µ1 sample injected in the HPLC column for the assay.
High performance liquid chromatography HPLC analysis: Analysis: Statistical analysis of the results were carried out using class-VP (Shimadzu, Japan) and SPSS 10 computer programme to determine any differences between the three groups of children studied. The mean, Standard Deviation, Chi square tests were carried out to compare the differences in concentrations of vitamin E in three groups of PEM . Spearman's correlation were used to compare the relation between age, height and weight in the three groups. A P-value of < 0.05 was taken as significant.
Cholesterol assay of serum: Cholesterol was determined after enzymatic hydrolysis and oxidation of the EDTA-serum samples. The indicator, quinoneimine was formed from hydrogen peroxide and 4-aminophenazone in the presence of phenol and peroxidase. The spectrophotometric assay wavelength was 500 nm at an optical path of 1 cm and a temperature of 20-25 °C. Measurement was carried out against a reagent blank. Only one reagent blank per series was used (Human Gesellschaft for Biochemica and Diagnostica, mbH, Germany). Ten µl of sample or standard was mixed with 1000 µl of reagent. The resulting mixture was incubated at 10 min at 20-25°C. The absorbance of the samples or standard was measured against the reagent blank within 60 minutes.
RESULTS
Study population: Characteristics of the study population are summarised in Table 1 .The table shows the mean Height (cms), Weight (Kgs) and age (months) of the study population and their respective standard deviations. The prevalence of marasmus in these hospital admissions was slightly higher than kwashiorkor. The mean age height and weight was higher in kwashiorkor than marasmus HPLC: Representative chromatograms of α -tocopherol for each of the children sampled showing peak levels at 292 nm frequencies were determined, to
give the concentration of α -tocopherol Differences in the concentrations of α -tocopherol in the three groups of children calculated from a standard curve of ratios and concentrations of α -tocopherol showed no statistically significant difference (p< 0.05) in the three groups studied: kwashiorkor, marasmic/kwashiorkor and marasmus in comparison to their control samples. Table 2 shows the mean concentrations of vitamin E ( α -tocopherol levels found in the three representative groups of children a. kwashiorkor b. marasmus c. PEM and malaria in comparison to control children who were free from any disease condition. The mean concentration of vitamin E was higher in children suffering from kwashiorkor than marasmus and controls. The differences were however not significant at (p< 0.005). Control children showed the least mean concentration of vitamin E. The values obtained in this study were much higher than reported values (13, 14) , but they still showed the differences in the three groups of the study groups. The values for malnourished children on recovery range between, 0.0 -0.8 mg/l00ml (0.00-0.008 mg/ml). The values for malnourished children on recovery range between, 80-240mg/100ml.
Vitamin E ( α -tocopherol) assay:

Cholesterol:
The mean Cholesterol concentrations were higher in children suffering from marasmus as compared to kwashiorkor, marasmic/kwashiorkor and controls (Table 2a and Figure 2 ).
a. Interaction between history of malaria infection and vitamin E b. Cholesterol in malnourished children. There was no significant interaction between vitamin E and cholesterol with malaria at p < 0.05. The levels in kwashiorkor and marasmic/ kwashiorkor were almost the same. Correlation of vitamin E concentrations in the three PEM states showed a significant correlation between kwashiorkor and controls at P < 0.01. There was no significant correlation between vitamin E and cholesterol concentration in the samples studied.
DISCUSSION
The prevalence of hospital admissions in Webuye, Bungoma during the period April-July for PEM showed higher cases of marasmus than Kwashiorkor. This is expected for this region (9) .
The average age of kwashiorkor cases in hospital admission in Webuye was higher than similar studies carried out in Jamaica, Jordan, Baghdad, India and Lesotho (5). Marasmus was lower than that for India, but higher than for the countries above. The cases reported by Waterlow are for children aged< 3 year only, whereas this study reports cases children aged < 5 years. It should be noted that hospital admissions are subject to selection bias.
We have shown in this study that vitamin E levels in kwashiorkor correlate to control samples. This may imply that the concentration of vitamin E in kwashiorkor was similar to that in control samples, but marasmus and marasmic/kwashiorkor had different levels. So vitamin E could be of diagnostic significance in the latter two PEM states. There was no significant correlation between vitamin E and the cholesterol concentrations in the control samples. This implies there is no relationship between the two as earlier suggested by other workers Plasma concentrations of vitamin E are diminished in marasmus and particularly in Kwashiorkor (6, 15) . Vitamin E is transported by cholesterol-rich lipoproteins and plasma cholesterol is also reduced in PEM (16) . The ratio of vitamin E to cholesterol was significantly reduced in a previous study in Kilifi, Kenya (15) leading to diminished resistance to oxidative stress.
Vitamin E ( α -tocopherol) is a fat-soluble antioxidant that plays a vital role in scavenging of freeradicals that cause inflammation, leading to vascular leakage that results in oedema in kwashiorkor. Previous studies have indicated that deficiencies of vitamin E and other anti-oxidants tend to protect against malaria infection (3, 4) . The explanation was that the absence of antioxidants makes the malaria parasite more vulnerable to damage by oxygen radicals produced by the immune system. The results obtained in this study do not agree with this concept since kwashiorkor children with lower vitamin E levels also had a history of malaria on admission. These results agree with findings of a similar study conducted in Kilifi, along the coast of Kenya (15) . Other reports suggest that persons with lower plasma vitamin E levels recover more quickly from clinical malaria (17, 18) . Since no follow up of the children studied was done, this hypothesis could not be confirmed from this study. The concentrations of vitamin E were higher in malnourished cases than their controls. This may imply that the vitamin has a role to play in biochemical activities that lead to malnutrition. Previous studies have indicated the role of vitamin E as a free radical scavenger that would lead to reduced inflammation in kwashiorkor (15) . The concentration of vitamin E was slightly higher in Kwashiorkor than marasmus cases. The levels of a α -tocopherol were lower in control children than kwashiorkor children contrary to the hypothesis vitamin E levels are less in kwashiorkor children' resulting in bipedal oedema.
The results reflect the true differences between the three groups of malnourished children and their controls. In addition, cholesterol levels were consistent with the vitamin E levels as recommended by Horwitt et al, (13) . Given the different experimental conditions under which the analyses were carried out, first at Moi teaching and referral hospital, Eldoret, Kenya followed by confirmatory analyses at-Glaxosmithkline Pharmaceutical Company, Nairobi Kenya, the results reported may not give the precise concentrations of vitamin E in samples analysed, but only give the possible differences between the groups studied. Precise determination of the tocopherol concentrations was beyond the scope of this study.
We conclude that mean Vitamin E concentrations in kwashiorkor children were similar to controls. The concentration in kwashiorkor cases were slightly higher than marasmus cases, therefore the concentration was low in marasmus and marasmic/kwashiorkor cases. This is the reverse of the hypothesis postulated. The concentration of vitamin E does not seem to be affected by the malaria status of the children as shown by chi-square test at P< 0.05.
Mean Cholesterol concentrations were lower in children suffering from kwashiorkor than those with marasmus. There was no significant difference between the mean concentrations of both vitamin E and cholesterol. Possible causes of low concentrations of vitamin E especially in marasmus and marasmic/kwashiorkor could be reduced consumption through inadequate diet. Possible remedy for the situation would be through vitamin E supplementation and general community education on observing appropriate dietary regimes. Future recommendation would include incorporation of vitamin E administration alongside vaccinations in children < 5 years of age for diseases such as measles. This exercise was recently successfully carried out by the Kenya Government (unpublished observations) during the period June 17-23, 2002 for vitamin A.
